Purpose: To compare the results obtained from three non-cycloplegic handheld photorefractometers with cycloplegic autorefractometry (Topcon KR-8100; Topcon Corporation, Tokyo, Japan) measurement in children.
INTRODUCTION
Amblyopia may cause an inevitable loss of vision unless it is detected and treated during childhood. 1 Correct measurement of the refractive defect is important in terms of the prevention of amblyopia. Various methods are used for this purpose, such as photorefractometers, handheld autorefractometers, cycloplegic retinoscopy, and visual-evoked responses. 2 The gold standard for diagnosing refractive errors in children is cycloplegic refraction. 3 However, pediatric refractive problems can be difficult to assess, even for an experienced ophthalmologist, and solutions are limited to applied screening processes. [4] [5] [6] Moreover, the use of cycloplegic drops may predispose the child to unwanted side effects. Autorefraction is a faster method and frequently used as a reference in subjective refractions in optometric and ophthalmologic practice for spectacle prescription; however, it requires significant collaboration and for this reason is not practical for some children. 3, 5 Photorefraction is a technique that simplifies the screening of amblyopia even in young children, which can detect refractive errors without cycloplegia. 7 It is also suitable for the detection of refractive error in pa-tients with physical and mental disabilities. Patients do not have to put their heads close to devices or feel threatened by the examiner. However, accommodation has a significant effect on the measurement of refractive error, especially in school-aged children.
In this study, we compared the results obtained without cycloplegia from three handheld photorefractometers with cycloplegic measurement in children. Another purpose was to investigate whether the refractometer method meets the needs for cycloplegia in the measurement of refractive errors.
PATIENTS AND METHODS
The study was completed between November and December 2016. Approval for the study was obtained from the ethics committee. The study was conducted in line with the tenets of the Declaration of Helsinki. Parental consent was also obtained before proceeding. A total of 119 healthy children were consecutively admitted to the outpatient clinic and were examined using four different methods.
Children with sensitivity to cycloplegic agents, manifest slippage, media opacity, or retinal abnormalities and those with refractive errors beyond the limits defined by the manufacturer (spherical equivalent from -7.50 to +5.00 diopters [D] ), and children uncooperative with photorefraction measurement and retinoscopy were excluded from the study. Those without additional eye pathology other than a refractive disorder were included in the study.
The refraction examinations of the participants were performed without cycloplegia using the PlusoptiX A12 (Plusoptix GmbH, Nuremberg, Germany), Retinomax K-plus 3 (Righton, Tokyo, Japan), and Spot Vision Screener (Welch Allyn, Skaneateles Falls, NY). Cyclopentolate 1% (Cycloplegin; Abdi Ibrahim, Istanbul, Turkey) for cycloplegia was administered to both eyes of each patient. This application was repeated 5 minutes later. The pupillary light reaction of the participants was checked 45 minutes after the last administration. After complete cycloplegia was achieved in all of the patients' eyes, evaluation was performed using the Topcon KR-8100 (Topcon Corporation, Tokyo, Japan).
The measurements were repeated at least twice, and the average values of the results obtained were recorded for use in the study. The sphere, cylinder, axis, and spherical equivalent values obtained from all of the photorefractors were compared statistically with the values obtained from the Topcon KR-8100.
The spherical equivalent was obtained by adding half of the spherical dioptric value to the cylindrical dioptric value.
Statistical Analysis
Descriptive values of the obtained measurements were calculated as the mean ± standard deviation and categorized. The agreement between the measurements was assessed using intraclass correlation coefficient (ICC) and the 95% confidence interval of this coefficient, and the P values indicating statistical significance levels were given. In addition, a Bland-Altman graph was used when this harmony was examined graphically. An alpha value of 0.05 was considered significant, and the Statistical Package for the Social Sciences (version 18; SPSS, Inc., Chicago, IL) and Medcalc (trial version; Ostend, Belgium) programs were used in the calculations.
RESULTS
Of 119 patients studied, 61 (51.3%) were female and patient ages ranged from 6 to 17 years (mean: 10.1 ± 3.2 years).
Tables 1-2 summarize the non-cycloplegic mean sphere, cylinder, axis, and spherical equivalent measurements for the right and left eyes.
For the PlusoptiX A12, 25 (21%) and 30 (25%) of the eyes (right and left, respectively) were myopic, 78 (65.5%) and 73 (61.3%) were hyperopic, and 16 (13.4%) and 16 (13.4%) were plano. Astigmatism was found in 102 (85.7%) and 98 (82.3%) of the eyes (right and left, respectively), and 34 (28.5%) of these eyes had a cylinder of more than 1.00 D.
For the Spot Vision Screener, 28 (23.5%) and 30 (25.2%) of the eyes (right and left, respectively) were myopic, 80 (67.2%) and 77 (64.7%) were hyperopic, and 11 (9.2%) and 12 (10%) were plano. Astigmatism was found in 108 (90.7%) and 105 (88.2%) of the eyes (right and left, respectively), and 54 (45.3%) of these eyes had a cylinder of more than 1.00 D.
For the Retinomax K-plus 3, a myopic spherical equivalent value was found in 92 (77.3%) and 92 (71.4%) of the eyes (right and left, respectively), 20 (16.8%) and 92 (22.6%) were hyperopic, and 7 (5.8%) and 7 (5.8%) were plano, respectively. Astigmatism was diagnosed in 67 (56.3%) and 62 (52.1%) of the eyes (right and left, respectively), and 32 (26.8%) of these eyes had a cylinder value of more than 1.00 D.
For the KR-8100, 12 (10%) and 22 (18.4%) of the eyes (right and left, respectively) were myopic, 71 (59.6%) and 74 (62.1%) were hyperopic, and 36 (30.2%) and 23 (19.3%) were plano. Astigmatism was found in 50 (42%) and 41 (34.4%) of the eyes (right and left, respectively), and 58 (48.7%) of these eyes had a cylinder value of more than 1.00 D.
When the results in Table 1 were evaluated, Retinomax K-plus 3 results for the sphere measurements were significantly higher than measurements of the other devices (P = .0001). The Spot Vision Screener averages for the cylinder measurements were significantly higher than those of the other devices (P = .0001). Spot Vision Screener results for the axis measurements were significantly higher than the results measured on the other devices (P = .0001). The Retinomax K-plus 3 average for spherical equivalent was significantly higher than the measurements of the other devices (P = .0001).
When the results in Table 2 were evaluated, the Retinomax K-plus 3 results for sphere measurements were significantly higher than those of the other devices (P = .0001). The Spot Vision Screener results for the cylinder measurements were significantly higher than those of the other devices (P = .001). The PlusoptiX A12 and Spot Vision Screener results for axis were significantly higher than those of the other devices (P = .0001). The Retinomax K-plus 3 results for spherical equivalence were significantly higher than those of the other devices (P = .0001).
ICCs between the cycloplegic measurements obtained from the Topcon KR-8100, PlusoptiX A12, Spot Vision Screener, and Retinomax K-plus 3 and the confidence interval are summarized in Table 3 for all patients. The highest compliance was statistically significant with the cycloplegic Topcon KR-8100 measurements in both right and left measurements of the PlusoptiX A12 device. However, the level of integration was moderate. Moreover, the Spot Vision Screener showed a statistically significant agreement with cycloplegic Topcon KR-8100 measurements in the right spherical, right cylinder, and left spherical equivalent measurements, but the degree of these consistencies was moderate. In addition, the Retinomax K-plus 3 was compatible with cycloplegic Topcon KR-8100 measurements for the right cylinder measurement. No statistically significant correlation was found in the other conditions. According to these results, it can be said that the PlusoptiX A12 device, which is compatible with the Figures A-F (available in the online version of this article). When the graphs are examined, it can be seen that the results of the measurements of the three different devices in the study were compatible with each other. The differences between the measurement results (bias) were distributed randomly to averages of the measurement. DISCUSSION This is the first study to compare the refraction measurement values obtained using the Retinomax K-plus 3 and new versions of the Spot Vision Screener (version 2.0.16) and Plusoptix A12 in school-aged children with the Topcon KR-8100. Photorefraction provides remote measurement of the refractive error by analyzing the transitivity of the reflected light from the fundus. 8 Commercially available photorefractive devices have been used for several years. The vision screener was easy to use and convenient in more than 90% of young patients. 9 We were able to complete ophthalmologic examinations for all of the children tested.
Early detection and treatment of amblyopia results in better outcomes and reduces the prevalence and severity of this disorder in children. Handheld autorefractors will be useful in addition to probable use in clinical treatment and to detect abnormal refractive errors. [10] [11] [12] Unlike other studies, we examined the compatibility of these new generation devices with the Topcon KR-8100. In our study, the Plusoptix A12 showed a statistically significant agreement with the Topcon KR-8100 in both right and left eye measurements. However, the level of integration was moderate. Furthermore, the Spot Vision Screener showed a statistically significant agreement with the Topcon KR-8100 for right spherical, right cylinder, and left spherical equivalent measurements. However, the degree of this harmony was also moderate. We also found that, in our study, the Retinomax K-plus 3 correlated with the right cylinder measurements with the Topcon KR-8100. No statistically significant correlation was found in the other conditions. According to these results, we can say that the PlusoptiX A12, which is compatible with the Topcon KR-8100 in all of the measurements, is preferable in cases where cycloplegic autorefractometry was not performed. Bland-Altman graphs have also been studied for compatibility between the devices, and the results of the measurements of the three different devices in the study were found to be compatible with each other. Fogel-Levin et al. 13 found a statistically significant difference between the PlusoptiX A12 and cycloplegic refraction in all of the refraction measurements, but the differences had no clinical significance. In addition, the Pearson's correlation test was positive and showed a good correlation of the PlusoptiX A12 with cycloplegic refraction in all subgroups, as shown by previous studies with earlier versions of the PlusoptiX. [14] [15] [16] Payerols et al. 17 found that the spherical equivalent value with non-cycloplegic Plusoptix A09 refraction is closer to that of cycloplegic autorefraction than non-cycloplegic autorefraction. The Plusoptix A09 underestimated the hyperopia of 0.73 D and slightly overestimated the myopia of 0.05 D. They reported that the Plusoptix A09 could be used for screening with higher accuracy in myopic than hyperopic children.
Yilmaz et al. 18 found that the ICC was 0.902 for the Retinomax K-plus 3 and 0.918 for the Plusoptix A09. Both devices showed a high agreement between repeated measurements. In addition, the inter-device 95% limits of agreement ranges were 3.70 D for retinoscopy-Retinomax and 3.60 D for retinoscopy-Plusoptix in spherical refractive errors. The inter-device 95% limits of agreement ranges were 1.80 D for retinoscopy-Retinomax and 1.50 D for retinoscopy-Plusoptix in cylindrical refractive errors. There was no significant difference between devices according to one-way analysis of variance. Yilmaz et al. 18 reported that the Plusoptix A09 and Retinomax K-plus 3 agree well with cycloplegic retinoscopy and, although both devices may be used for screening children between 4 and 12 years old, the Plusoptix A09 may eliminate the need for cycloplegia for the detection of refractive errors in children.
Mirzajani et al. 19 compared the Plusoptix S08 and retinoscopy, and reported that there was good consistency between the results of the Plusoptix S08 without using cycloplegic agents and those of cycloplegic retinoscopy.
Tuncer et al. 20 compared the Retinomax and retinoscopy in 127 patients (mean age: 96.7 months) and found no significant difference between the devices in the spherical, cylindrical, and spherical equivalent of the refractive errors. They added that the Retinomax might be used successfully as a screening tool. In a similar study, Ying et al. 21 compared noncycloplegic retinoscopy, Retinomax, and SureSight Vision Screener (Welch Allyn Medical Products) for preschool vision screening and reported that all of the devices had similar and high accuracy in detecting vision disorders in preschoolers across all types of screeners and ages of children. Akil et al. 22 found good agreement between the Retinomax K-plus 3 with cycloplegia and cycloplegic retinoscopy. In the same study, when Bland-Altman analysis was performed to compare the spherical equivalent values before and after cycloplegia was measured with the Retinomax K-plus 3, Canon RK-F1, and cycloplegic retinoscopy, almost all of the differences between the measurements remained within the range of ±2 standard deviations, on average. 22 Harvey et al. 23 reported that the Retinomax provided an average of approximately 0.25 D less negative or more positive measures of refractive error than retinoscopy. They also compared their data to other reports and found that the Retinomax was concordant with retinoscopy and subjective refinement in young children, to the degree that is comparable with other autorefractors (Humphrey 500 and Nidek AR-1000). Wesemann and Dick 24 showed that the accuracy of measurement of handheld autorefractor in children during cycloplegia was high. In contrast, Prabakaran et al. 25 showed that spherical equivalent from a handheld autorefractor was significantly more negative compared to that of streak retinoscopy. Moreover, the handheld autorefractor significantly overestimated the amount of astigmatism. The current study found a good agreement between the Retinomax K-plus 3 after cycloplegia and cycloplegic retinoscopy. 25 The photorefractometer method was found to be beneficial in the measurement of refractive errors of school-aged children. However, its disadvantages are a limited measurable refractive error range and being affected by mydriatic pupils. The PlusoptiX A12 photorefractometer may eliminate the need for cycloplegia in the detection of refractive errors in children. Further studies examining more cases with an extreme range of refractive errors may be needed to confirm the outcomes of this study. 
